BACKGROUND: Women with endometriosis may also have associated disorders related to autoimmune dysregulation or pain. This study examined whether the prevalence of autoimmune, chronic pain and fatigue and atopic disorders is higher in women with endometriosis than in the general female population. METHODS AND RESULTS: A cross-sectional survey was conducted in 1998 by the Endometriosis Association of 3680 USA members with surgically diagnosed endometriosis. Almost all responders had pain (99%), and many reported infertility (41%). Compared with published rates in the general USA female population, women with endometriosis had higher rates of hypothyroidism (9.6 versus 1.5%, P < 0.0001), fibromyalgia (5.9 versus 3.4%, P < 0.0001), chronic fatigue syndrome (4.6 versus 0.03%, P < 0.0001), rheumatoid arthritis (1.8 versus 1.2%, P ⍧ 0.001), systemic lupus erythematosus (0.8 versus 0.04%, P < 0.0001), Sjögren's syndrome (0.6 versus 0.03%, P < 0.0001) and multiple sclerosis (0.5 versus 0.07%, P < 0.0001), but not hyperthyroidism or diabetes. Allergies and asthma were more common among women with endometriosis alone (61%, P < 0.001 and 12%, P < 0.001 respectively) and highest in those with fibromyalgia or chronic fatigue syndrome (88%, P < 0.001 and 25%, P < 0.001 respectively) than in the USA female population (18%, P < 0.001 and 5%, P < 0.001 respectively). CONCLUSIONS: Hypothyroidism, fibromyalgia, chronic fatigue syndrome, autoimmune diseases, allergies and asthma are all significantly more common in women with endometriosis than in women in the general USA population.
Introduction
Endometriosis, a disease in which endometrial tissue grows outside the uterus, affects an estimated 8-10% of reproductive age women, and may cause pelvic pain or infertility, although in many it is asymptomatic (Ha et al., 1994; Duleba, 1997; Taylor et al., 1997; Beckmann et al., 1998; Lebovic et al., 2001) . The pathogenesis of endometriosis is not well understood. It is likely that endometrial cells from retrograde menstruation adhere to the peritoneal surfaces and proliferate, causing peritoneal inflammation (Halme et al., 1984; Duleba, 1997; Lebovic et al., 2001) . Since retrograde menstruation is more common than endometriosis, other factors must enable the attachment and growth of ectopic endometrial tissue. One theory is that a defect in immunosurveillance, such as impaired apoptosis of menstrual effluent, may occur in some with endometriosis. Features of women with endometriosis that are consistent with an autoimmune aetiology include increased polyclonal B-cell activity, abnormalities in T-and B-cell function, familial inheritance (Bancroft et al., 1989; Lebovic et al., 2001; Nothnick, 2001) , high T-and B-lymphocyte counts (Badawy et al., 1987) , reduced natural killer cell activity (Oosterlynck et al., 1991; Nothnick, 2001) , high serum levels of IgG, IgA and IgM autoantibodies (Gleicher et al., 1987; Nothnick, 2001) and antiendometrial antibodies (Wild and Shivers, 1985; Meek et al., 1988; Grosskinsky and Halme, 1993) .
If immune surveillance is altered in women with endometriosis, then these women might have autoimmune diseases, such as Hashimoto's thyroiditis, systemic lupus erythematosus (SLE), Sjögren's syndrome (SS), rheumatoid arthritis (RA) and multiple sclerosis (MS). Since degranulating eosinophils and eotaxin have been reported in those with endometriosis (Blumenthal et al., 2000; Hornung et al., 2000) , atopic diseases, such as allergies, asthma and eczema may also be more common with endometriosis. Additionally, others have reported the occurrence of fibromyalgia in women with endometriosis (Clauw and Chrousos, 1997) , although population-based studies have not been done. Thus, women with endometriosis who have pelvic pain may have chronic generalized pain and fatigue, i.e. fibromyalgia and chronic fatigue syndrome.
The goal of this study was to examine whether the prevalence of autoimmune and endocrine diseases, fibromyalgia, chronic fatigue syndrome and atopic disorders were more common in women with endometriosis than in the general female population. There are no such previous population-based studies. In 1998, the Endometriosis Association surveyed members in the USA and Canada to characterize the symptoms associated with endometriosis. Based on anecdotal reports to the Endometriosis Association and observations by some endometriosis clinicians, this survey also sought to describe the frequency of autoimmune and related diseases among women with endometriosis. We report on the symptoms of pain and infertility described by these women, the prevalence of common autoimmune and endocrine diseases, chronic pain and fatigue states, and familial history of endometriosis and other diseases. We compare these reports of diagnosed diseases with published rates in women in the USA. ematosus (SLE), Sjögren's syndrome (SS), rheumatoid arthritis (RA) and multiple sclerosis (MS), (ii) endocrine diseases, including diabetes mellitus (DM), hypothyroidism and hyperthyroidism, and (iii) fibromyalgia and chronic fatigue syndrome. MS was included as an autoimmune inflammatory disease although there is some question whether it has an autoimmune origin (Chabas et al., 2001) . Also, the survey did not distinguish between insulin-dependent and insulinresistant diabetes, although most women probably had insulin resistance rather than insulin dependence due to the mean age at diagnosis of diabetes (35.5 years). In addition, women may not have recognized the name 'Hashimoto' or 'Graves', or may not have been told they had these conditions when they were diagnosed with hypothyroidism or hyperthyroidism. Hashimoto's thyroiditis was combined with hypothyroidism and Graves' disease with hyperthyroidism. Thus, the category of endocrine diseases was a mixture of autoimmune endocrine, such as Graves' disease, Hashimoto's thyroiditis and insulin-dependent diabetes, and general endocrine diseases, such as insulin-resistant diabetes.
Subjects reported asthma, eczema and allergies, although the method of diagnosis was not ascertained. Those reporting at least one allergy to pollens, dust, trees, paint, grasses, cigarette smoke, perfumes/fragrances, cleaning products, foods and environmental chemicals were considered to have allergies.
Family history of endometriosis indicated which family member was affected, and included mother, sister(s), daughter(s), maternal and paternal grandmothers, nieces, aunts and cousins. Only relatives reported to have diagnosed endometriosis were used in analyses (n ϭ 1610). Family history of autoimmune inflammatory, endocrine, or fibromyalgia or chronic fatigue syndrome included the relative for each disease. While each woman had one mother and two grandmothers, the total number of affected and unaffected relatives was not known.
Ascertainment of prevalence estimates in the general population
PubMed and Medline were searched from 1969 to 2001 to obtain prevalence estimates in the general female population for the selected diseases. Reports identified by key words such as epidemiology, prevalence, incidence or disease susceptibility were reviewed. Disease prevalence (rate per 100 000 women) was compared with prevalence estimates in the general female population calculated from review articles (Jacobson et al., 1997; Reyes et al., 1997; Lawrence et al., 1998) or from the USA Census Bureau data (United States Census Bureau, 2001) . Rates of diabetes among reproductive-aged women were obtained from the CDC Diabetes Surveillance Report (Geiss, 1997) . The infertility rate was obtained from the National Survey of Family Growth (Abma et al., 1997) , and rates for allergies and asthma were obtained from the NHANES I Epidemiologic Follow-up Study of 1992 (Idler et al., 2000) .
Data analysis
Age, education level, income and ethnicity/race were compared with the general USA female population in 1998 using Z-tests. Prevalence estimates of diagnosed diseases among women with endometriosis were calculated and compared with rates in the general population using a series of Z-tests. We used t-tests to compare the severity of pain, median age of first pelvic symptoms, age at endometriosis diagnosis, and age at diagnosis of autoimmune inflammatory or endocrine disorder, or fibromyalgia and chronic fatigue syndrome in women with endometriosis alone and those with the co-morbid conditions. Z-tests and χ 2 -tests evaluated differences in rates for allergies, asthma and eczema. The association of endometriosis with co-morbid diseases among relatives was assessed by χ 2 -tests. Those respondents with family members with diagnosed endometriosis and co-morbid diseases were compared with respondents with family members with diagnosed endometriosis and no other conditions. To limit confounding of analyses, only those women indicating a disease in only one category-autoimmune inflammatory diseases, endocrine diseases, or fibromyalgia or chronic fatigue syndromewere compared for associations with other conditions. Also, for all analyses, those who did not indicate a 'yes' or 'no' answer were excluded for that particular question. However, if a woman was only asked to 'check' the applicable item, 'no' included all who answered 'no' and those who skipped the question.
In order to determine the effect of misclassification of either the study sample or the general population, a sensitivity analysis was done. Models were developed to determine a threshold for an overestimation of disease rates for the study sample and an underestimation of true prevalence in the general population such that the difference between the two groups would disappear.
Results

Study population
Most respondents were white, with only 5% blacks, Hispanics, Native Americans, Asians, and others (Table I ). The mean age was 35.6 years (median 36.0, range 14-89). Ninety-one per cent were of reproductive age (15-45 years). Almost 90% had 2717 at least some college education; 42% were college graduates and 27% had earned a postgraduate degree. Sixty-four per cent reported a combined family income Ͼ$50 000 and 36% had an income Ͼ$75 000. Compared with the general population, women completing the questionnaire had a higher income and were more likely to be white (P Ͻ 0.001), of reproductive age (P Ͻ 0.001) and college-educated (P Ͻ 0.001).
Symptoms and diagnosis of endometriosis
Endometriosis was diagnosed surgically in all included women (Table II) . Almost all women (99%) reported pain ascribed to endometriosis, and 96% had pain during menses (Table III) , which is higher than the 13-15% rate for dysmenorrhoea in the general population (Mathias et al., 1996; Campbell et al., 1997) . Almost 70% had pelvic symptoms before the age of 20, with 38% symptomatic before age 15 years. By contrast, only 7% were diagnosed with endometriosis by age 20 years, with 74% diagnosed between the ages of 20 and 35 years. Most women had a 10 year delay between the onset of symptoms and the diagnosis of endometriosis. Over 70% of respondents described their menstrual pain as moderate or severe (Table III) . Perimenstrual pain during urination was noted by 31% and rectal pain by 58%. Bloating was reported by 84% compared with 12-16% of the general female population reporting water retention or bloating (Ramcharan et al., 1992; Campbell et al., 1997) . Menstrual headaches were more common in women with endometriosis (64%) than in healthy women without endometriosis reported in other studies (45%) (Dawood, 1985) . Among the general USA population, 22% of women report an inability to carry on normal work during menses (Campbell et al., 1997) . By comparison, 81% of survey respondents were unable to work, including doing household chores, because of pelvic pain. Although 73% usually recovered within 3 days, almost 10% reported at least a few weeks of debilitation and 87% complained of fatigue or low energy.
All women with fibromyalgia or chronic fatigue syndrome reported pain (n ϭ 320). Pain was more severe in those with fibromyalgia (P Ͻ 0.01) compared with those with endometriosis alone. Forty-two women (1%) reported having been diagnosed with both fibromyalgia and chronic fatigue syndrome. Another 21 women reported having both fibromyalgia and chronic fatigue syndrome in addition to an endocrine (n ϭ 11) or autoimmune inflammatory disease (n ϭ 10).
Infertility and reproductive history
Overall, 41% reported infertility (Table II) , a 4-fold greater risk than the USA reproductive-aged population (Abma et al., 1997; Stephen and Chandra, 1998) . Of the 1604 women who described their pregnancy history, 21% (n ϭ 329) had at least one miscarriage and 2% (n ϭ 37) reported at least one ectopic pregnancy. The USA population rates for miscarriage and 2718 ectopic pregnancy are 14 and 1% respectively (Saraiya et al., 1999) . Figure 1 shows infertility rates for those with endometriosis alone, autoimmune inflammatory diseases, endocrine disorders, or fibromyalgia or chronic fatigue syndrome. The infertility rates for women with endometriosis alone were similar to those with endometriosis and at least one co-morbid disease in all age groups, except for significantly lower rates in 25-34 year olds with endocrine diseases and fibromyalgia or chronic fatigue syndrome (P Ͻ 0.01), and higher rates in 35-44 year olds with endocrine disorders (P Ͻ 0.05). All infertility rates among women in the sample were significantly higher than the USA population (P Ͻ 0.001). When those with diseases from more than one category were included, the infertility rates were not significantly altered (data not shown).
Autoimmune inflammatory diseases, endocrine disorders and fibromyalgia or chronic fatigue syndrome in women with endometriosis
Approximately 20% of respondents had one or more coexisting diseases, of whom, up to 31% were diagnosed with fibromyalgia and/or chronic fatigue syndrome, including some who also had other autoimmune inflammatory and endocrine diseases (Figure 2 ). Of the co-morbid diseases, hypothyroidism, fibromyalgia and chronic fatigue syndrome were the most common and were diagnosed in 10, 6 and 5% of the study population respectively. Chronic fatigue syndrome was much more common in women with endometriosis than the general population (Table IV , P Ͻ 0.0001) and hypothyroidism and fibromyalgia were about seven times and twice as common in women with endometriosis respectively (Table IV , P Ͻ 0.0001). The autoimmune inflammatory diseases SLE, SS, RA and MS each occurred more frequently in women with endometriosis (Table IV , P Ͻ 0.001) than in the general population. The prevalence of hyperthyroidism and diabetes in the study population was similar to that of the general population.
The sensitivity analysis revealed that the levels of misclassification both in the study sample and the general population would have to be very high for the observed differences to disappear. For SLE and chronic fatigue syndrome, there would have to be a minimum of 75% overestimation of disease prevalence in the study sample in addition to a 90% underestimation in the general population for the rates between the groups to be similar. Also, there would have to be at least a 50% overestimation among survey respondents and a 75% underestimation in the general population for the difference for MS to be negligible. For hypothyroidism, the sensitivity analysis indicated a 75% overestimation among study participants and a 50% underestimation in the population for the comparison to be insignificant. A 25% overestimation in the sample and 25% underestimation in the population would explain away the observed difference for fibromyalgia. disease. Women who had pelvic symptoms at a younger age were more likely to develop SLE, RA, SS or chronic fatigue syndrome (P Ͻ 0.05). All women, those with endometriosis alone or those with endometriosis and another disease, had about a 10 year delay in the diagnosis of endometriosis after the onset of pelvic symptoms. Endometriosis diagnosis aged Ͼ30 years was more common for those with SS (P Ͻ 0.01), any thyroid disease (P Ͻ 0.01) and fibromyalgia (P Ͻ 0.01). Other diseases were usually diagnosed ജ4 years after the diagnosis of endometriosis, except for RA (P Ͻ 0.001), hypothyroidism (P Ͻ 0.05) and hyperthyroidism (P Ͻ 0.05), which were all diagnosed before age 30 years.
Chronology (age of first pelvic symptoms, age at endometriosis diagnosis and age at diagnosis of co-morbid diseases)
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Allergies, asthma and eczema
The rates of allergies and other atopic conditions were higher among women with endometriosis than among women in the USA population, and higher still if they had other diseases. Allergies occur in 18% of women in the general population (Idler et al., 2000) compared with 61% among women with endometriosis only, and 69, 72 and 88% among women with autoimmune inflammatory diseases, endocrine diseases and fibromyalgia and/or chronic fatigue syndrome respectively (P Ͻ 0.001). The asthma rate among women in the general population is 5% (Idler et al., 2000) , compared with 12% for those with endometriosis alone (P Ͻ 0.001), 13% with autoimmune inflammatory diseases (P Ͻ 0.001), 11% with endocrine diseases (P Ͻ 0.001) and 25% with fibromyalgia and/or chronic fatigue syndrome (P Ͻ 0.001) ( Figure 3 ).
Allergies were more common among women with endometriosis and either an endocrine disease (72%), or fibromyalgia or chronic fatigue syndrome (88%) compared with those with endometriosis alone (61%; P Ͻ 0.001) ( Figure  3 ). Asthma and eczema rates were significantly higher for women with fibromyalgia and/or chronic fatigue syndrome (25 and 26% respectively) compared with women with endometriosis alone (12%; P Ͻ 0.0001 and 15%; P Ͻ 0.0001 respectively). Those respondents reporting fibromyalgia and/or chronic fatigue syndrome, and one other autoimmune inflammatory or endocrine disorder had rates of allergies (79%), asthma (29%) and eczema (19%; P Ͻ 0.05), similar to those observed in women with only fibromyalgia or chronic fatigue syndrome.
Familial endometriosis and familial co-morbid diseases
Two-thirds of subjects stated that relatives had diagnosed (n ϭ 1610) or suspected (n ϭ 2404) endometriosis, suggesting a familial tendency for endometriosis (Table VI) . One-fourth knew (n ϭ 298) or suspected (n ϭ 819) that their mother had endometriosis, and twice the number of maternal relatives were affected compared with paternal relatives. Among those having family members with diagnosed endometriosis, 40% had a relative with at least one autoimmune inflammatory disease, 34% had at least one endocrine disease, and 48% had fibromyalgia or chronic fatigue syndrome. SLE, MS, hypothyroidism, hyperthyroidism, DM, fibromyalgia and chronic fatigue syndrome (all P Ͻ 0.0001) were more common among relatives if the respondent also had the disease compared with those who had endometriosis alone.
Discussion
We report an increased prevalence of hypothyroidism, fibromyalgia and chronic fatigue syndrome, and autoimmune inflammatory diseases in women with endometriosis compared with the general USA female population. Women with endometriosis also were more likely to have allergies, asthma and eczema, particularly if they also had fibromyalgia or chronic fatigue syndrome. We additionally report significant pain and debility in a large cohort of women with endometriosis and a 10 year delay in the diagnosis of endometriosis after the onset of pelvic pain. Moreover, family members of women with endometriosis more commonly had endometriosis as reported by others (Kennedy et al., 2001 Jacobson et al. (1997) . b Geiss (1997) . c Lawrence et al. (1998) . d Reyes et al. (1997) . 
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). In the current study, family members also had autoimmune inflammatory diseases, endocrine diseases and chronic fatigue states, especially if the survey respondent also had the same autoimmune inflammatory disease, endocrine disorder, fibromyalgia or chronic fatigue syndrome. The delay in endometriosis diagnosis is significant and has been previously reported (Laufer et al., 1997) . Since women appear to develop symptoms shortly after menarche and are not diagnosed with endometriosis for years, it is unknown whether endometriosis actually develops at menarche as others have reported (Hadfield et al., 1996; Reese et al., 1996) , or if endometriosis develops over time. It also is unclear whether 2721 treating pain early could prevent chronic pelvic pain from developing in these women. Thus, attempts should be made to diagnose and treat endometriosis in adolescent women. In this sample, endometriosis was generally diagnosed after rheumatoid arthritis and thyroid diseases, which were diagnosed in the 20s, a younger age than usually seen in the USA population. By contrast, the diagnosis of endometriosis preceded the other autoimmune inflammatory diseases.
The early onset of thyroid disease and rheumatoid arthritis, as well as the higher rate of autoimmune inflammatory diseases, supports our hypothesis of an immunological aspect to endometriosis. Moreover, the high rate of physician-diagnosed Figure 3 . Allergies, asthma, and eczema among women with surgically diagnosed endometriosis. *P Ͻ 0.001 for allergies among women with endocrine disease, or fibromyalgia or chronic fatigue syndrome (comparison to women with endometriosis alone). **P Ͻ 0.0001 for asthma and eczema among women with fibromyalgia or chronic fatigue syndrome (comparison to women with endometriosis alone). ‡P Ͻ 0.001 for all comparisons to the general USA female population. fibromyalgia in women with chronic pain from endometriosis suggests an association among different aspects of chronic pain. The co-existence of allergies, asthma, eczema and autoimmune disease in women with fibromyalgia or chronic fatigue syndrome may also suggest an underlying role for the immune system in fibromyalgia and chronic fatigue syndrome. Whereas fibromyalgia has been associated with endometriosis, the association of chronic fatigue syndrome with endometriosis has not been reported (Clauw and Chrousos, 1997) . The strength of this study is its statistical power due to the large sample size. About 50% of those surveyed responded to 2722 the questionnaire, an above-average response rate. By only analysing responses from those with surgically diagnosed endometriosis and physician-diagnosed diseases, the likelihood of each diagnosis is more certain. By restricting the analysis of co-morbid diseases to women having only one other disease, the likelihood of confounding is limited.
One limitation of this type of study is selection bias. Almost all the members of the Endometriosis Association completing this survey reported pain, with two-thirds experiencing moderate to severe pain and significant debility. Since the Endometriosis Association provides education and support at Pennsylvania State University on February 23, 2013 http://humrep.oxfordjournals.org/ Downloaded from services, as well as research, perhaps most joined the Association to seek support for pain. Thus, these respondents may over-represent endometriosis-related pain and under-represent women with other symptoms, such as infertility, though the prevalence of infertility in the sample is nonetheless high. Women with infertility may seek support for their infertility first, perhaps through other patient support groups. Thus, the findings of this study may not apply to women with endometriosis and no pain. Also, members of the Endometriosis Association pay annual fees and may be more likely to join if they have more knowledge and resources. This may explain why white and educated women from a higher socioeconomic level are over-represented compared with the general population, especially since other studies have shown that endometriosis does not occur only in white, educated women of higher socioeconomic status (Chatman, 1976; Miyazawa, 1976; Houston et al., 1988) . The demographic observations in this sample may also reflect a diagnostic bias, since educated women with a higher income may be more likely to be diagnosed with endometriosis.
The fact that these data derive from a self-reported survey has several limitations (Hook and Regal, 1992; Warnecke et al., 1997; Bergmann et al., 1998; Lawrence et al., 1998) . Women may misinterpret questions, may not recognize the name of specific diseases or may not accurately report conditions experienced by family members (Warnecke et al., 1997; Bergmann et al., 1998; Lawrence et al., 1998) . Recall and reporting errors may also occur (Warnecke et al., 1997) , especially when trying to remember the age of medical events or medical diseases for relatives. Also, it is possible that some diseases were not recognized by physicians and were never diagnosed (Jacobson et al., 1997) . Other limitations include incomplete or missing data from respondents who skipped questions (Hook and Regal, 1992) .
In addition, because of the younger age of women in the study sample, prevalence estimates obtained from other reports, which may have included a broader age range, may not be appropriate for comparison. For example, hypothyroidism is common in older, often postmenopausal, women (Canaris et al., 2000) . By contrast, most women responding to this survey were of reproductive age.
Study limitations also may result from misclassification for diseases in the general population depending on whether they were diagnosed by a clinician or self-reported. Prevalence rates for many of the diseases were calculated from pooled disease rates from dozens of published articles using standardized medical definitions, and included clinical and laboratory evaluation (Jacobson et al., 1997) . Due to insufficient data from the USA, the prevalence estimates for Sjögren's syndrome and Hashimoto's thyroiditis/hypothyroidism also included data from international studies. Chronic fatigue syndrome (Reyes et al., 1997) was rigorously defined using a combination of patient interviews, laboratory testing and a physician diagnosis. Fibromyalgia prevalence was derived from a population-based study in which a large proportion were examined by a clinician (Lawrence et al., 1998) . Diabetes diagnoses were based on a self-reported survey conducted by 2723 the Centers for Disease Control and Prevention (Geiss, 1997) surveillance system.
We presented the prevalence odds ratio with 95% confidence intervals and the sensitivity analysis to address the misclassification of diseases in both populations. The sensitivity analysis confirms that even if the disease prevalence is underestimated in the general population and overestimated in the study sample, the rates reported in women with endometriosis are significantly higher and the differences appear real.
In conclusion, the present study is the first to provide data on the characteristics and co-morbid states of women with pain from endometriosis. Women with endometriosis frequently suffer from autoimmune inflammatory diseases, hypothyroidism, fibromyalgia, chronic fatigue syndrome, allergies and asthma. It is evident that women with pelvic pain are not diagnosed as having endometriosis for many years, suggesting that physicians, especially those taking care of adolescents, should consider the diagnosis. These data suggest a strong association between endometriosis and autoimmune disorders and indicate the need to consider the coexistence of other co-morbid conditions in women with endometriosis.
